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EXTENSION OF PACE METHOD FOR COMPRESSIVE TESTS

Bv C. S; Aitchison
SUMMARY

The vack method for determining compressive stress—
strain. graphs described in NACA Report No. 649 has Dbeen
modified to extend its avplication to thinrner gages and
gstronger materials., The principal modifications consisted
in the provision of additional support agalnst instadility
by cementing the specimens of thé pack tozether with fused
skellac and the provision of special clanmps that hold the -
specimens in the pack together while the test is in prog— ’
ress. The shellac was found to increase the bucglinf load
of the pack without any apvreciadle effect or the comvres—
sive stress—strain graph of the materiel. The extended
pack method described in this note .has made vossible the
application of stresses in excess of 220 kips per square
inch to sheet material having a thickaness of only 0.02 1nca.

INTRODUCTIOH

The pack method described 'in referencé 1 has pernitted
the application of conpressive stresses up .to 60 kips per
square ineh to packs conposed of 13, 7, and 5 specimens of
0.032~, 0,064~, and 0.08l-inch aluminun~alloy sheet, re-
spectively, and of stresses up %o 180 kips per squaTre irch
to packs, composed of 5 spaecinens of 0.05-inch steel skeet,
without failure by instabilify. ZExtension of this method
to still .thirner gages and ajgher stresses than heretofore .

obtained was urzently needed to test certain sheet natorial ™ T
for aircraft subnitted to the National Bureau of Standards
by the Bureau of Aeronautics, Navy Department. -

A nunber of nodifications of the pack method were ac-—
cordingly considered. Successful reosults were 6btaincd
with the techrigue described in ‘this report; whiech was de~
veloped with the support of the Bureau of Aeronoutics, Favy
Deparbment, and the National Advisory Connittes for dAero-
nautics. All details of the procedure are ”1ven ‘because
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time has not permitted an exp1oration of limitations of
the technique,.

l‘!‘[l'.

The testing procedurs is an extension of the method
degeridbed in refercnce 1 for making pack conpressive tosts }
and involves the use of additional nmeans of support which S
incresse the lateral stahility of the pack so that it will
not fail beforc the yield strengtlh of the nmaterial is
reached.

One sunport is provided by cemenrting the specinens of ~
the pack together with fuseod shellmc. A further suovport is oz
pProvided by clemps that hold the spscimens in the pack to- '
gether while the test ig in »rosgress. —"

The autnor of this paper acknowleiges the assistance -
and advice recelved from other members of the engzineering :
nechanics section of the National Bureau of Standards.

In particular, he expresses hls apvreciation to J. A,

Miller who assisted in making the tests and to Walter

Ranberg and A. E, McPherson who su3jgested the use of shol- .

lac.;for a cementing mediup. He also wishes to acknowleiqo el -
the valuable advice of C. C. Harthan of the Chenistry Divi- )

sion in connection with the development of the technique »

for cenmenting the specimens together with fused shellac.

VACHINING PROCEDURE - ' . -

The blanks for the specimens werse sheared about O. 05
inch longer and wider than the finished dimensions after
surface grinding. The middle specinen of the pack wasg R
finished to a length of 3.56 inches and a width of 0.735
inch. The finished dimensions of the supportling specl-~ e —
mens were 3.62 by 0.715 inch. After tho specimens were :
cenented together as described in the noext session, the
pack, G (fig. 1), was pachined to a length of 3.50 -
inches. : : ' '

CEMENTING PROCEZDURE

The sheot faces of the speccimens in each pack were
cenented together by means of a layor of fused shellac,
which did not exceed 0.00l inch in thickness, by the fol- 4
lowing procedure: - e .
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The snpecimens were inspected for burs, scrapoed whero
necessary, cleancd, and finally rinsed by dipping in de-
natured alcohol. The order and the position of the spec—
imens in the pack were deternined at this tinme, and the
specinens wers placed in the predetermined position in
the rack (fig. 2).. Pach specinen was then coated with
shellac applied by dipping into a shellac varnish. The
varnish consisted of 4 pounds of orange flake shellac con-
forning to typc A of Federel Specification TT-S~271 (April
29, 1940) cut in 1 gallon of denatured alcohol (100 sal-
lons of 190 proof othyl alcohol and 5 gallpons of approved

wood alcohol). The specirens wyere placed in the rack to
dry {fig. 2) with the lower edges resting on blottiag pa-
bPer, .B, and the upper edges agailnst. nnils, N. Alter—

nate specimens were placed in the rack inverted from thelr
position in the pack so that any thickening of the layer
of shellac toward the. botton would be connensated for whon
the specimensg were assembled in the pack.

After the specinens were dried for about 14 hours in
2ir at room temperature, the excess shellac aad the dust
particles were removed: thh a scraper agnd the pack was
assenbled in a jig (fig., 3) designed to hold two packs.
The supporting sveciners were. restrained. against moverent
in the direction of their length by the brass collars, L,
about the steel studs, S, and against novement in the
direction of their width by. the fixed stops, X, and by
the adjustadle stops, V. The short riddle specinmen was
held asgainst novement in the direction of its length dy
the sides of the fixed stops, X, and against novenment
in the direction of its width by the fixed stops, Z.

The specirens were held together by the jig clamp, D,
shown disassendbled in the lower part of figure Z. The
edges of the specimens in a nack are shown at G! wunder
the novable jaw, M, of the clamp. The fixed stops, 32,
for the niddle specimen were held in position Dy nachine
screws, with washers, F, .in slots, W, which were na-—
chined 2.10 inches apart; the fixed stops for the support-
ing specirens, X, were similarly held in slots, Y,
spaced 3.58 inches apart. .Two .slots, ,"1/2. inch wide
and 1/2 inch deep, were nachined 22 1ncaes apart across
the top face of the block so that the end clamps, E,
could be attached before. tae shellac was fuscd. : o

The shellac was. fused. bv heating in an dven held at
a temperature of 64° G.iSO_G_ At inbervals, while the .
shellac was being fused, the clamps were tightened when =
necessary. After the pack was heated for not less than
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7 hours, 3t was cboled in air in the jig, The jig clamp,
D (fig, 3), was then loosened, and.the pack, with end
clamps attached, was rmachined to length,

END CLAMPS AWND AUXILIARY.CLAMPS

Clamps, E (fige. 1 and 3), were attached within
0.02 inch of the ends of the pack in order to keep the
speclmens from spreading apart. Each of these clanps was

made from two pieces of lfge-by_l/E- by 1/2-inch cold-

rolled steel joilned together by two size 10~32 machine
screwsg, spaced 1 inch on centers,

As an additional precaution against spreading, two
auxiliary clamps, A, shown in figuresg 1 and 4, were at-
tached adout 7/8 inch from each end of the pack before i%
was vlaced in the testing machine. Each auxiliary clanp
consisted of two brass channel-shaped pleces, C (fig. 4)
which were held together by two machine screws, H. The
depth of the channel pieces was 1% inches, the flange

width was 1/2 inch, the flange thickress was 3/16 inch,
and the web thickness was 1/4 inch. Only the sheet faces
cf the outside specimens of the pacl were 1ln contact with
the inside faces of the auxiliary clanps.

During the test, the auxilidrr clamps were preverted
from sli»ping along the pack by slightly inbedding the
conical points, § (fig.:4), in each of the outside sheot
faces of the paclk. These.screws were threaded about 9/32
inch apart in each of the webs of the clamp. . They were
ti,“tened after the clamps had been tlﬂhtened in their
proper location by the screws, H. .Three conical holes,
T, were .machired 9/32 inch apart in the outer face of
each webd, so that »ins could be used for exterual support.

TRANSVERSE SUPPORT

The .transverse. supvort was supplied by 30 gteel pins,
P (Ilg- 1), on each sids of the vack, This support was
the sane - for these tests as the transverse support de-
scribed in reference 1 with the exception that the pineg
which were used for the -external support of the auxiliary
clanps wgre aboutl% inches long ingtead of about 2 inches.
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TESTING PROCEDURE

The testing procedure was the same as described in
refercnce 1, with the oxceptiors that the end clamps were
not removed and that the pins were assembled according to
the following sequence: The pins in rows 2 and 9 {oppo-—
site the auxiliary clanps) were first located and tight-
ened. The nins in the other rows were then located and
tizhtencd in arny convenient sequence. ' '

DISCUSSION

Figure 5 shovs .8 stresg—strain graph obtained by the
foregoing rethod for a nack of 31 snwecimens taken in the
transverse direction from 0.02-inch-thick sheet. It is
seen that the nethod makes rossible the application of
stresses in excecs of 220 kips per square inch to sheet
naterial of this thickness.

It nust be emphasized that the limitations of this
technigue have not been thorousghly explored. One test was
nade, however, to determire whether the additional support ~
provided by the clamps, without cementing the specimens of
the pack together, was adequate to prevent buckling be-
fore the yleld strength was reached. Two packs, ClL and
2L, each conmposed of 31 .specimens, cut in the sane di-
rection from a sheet of 0.02-inch-thick nmaterial, were
tested in conpression with the results shown in fi@ure 6.
Pack (02L, not cemented, failed suddenly at a stress of
72.2 kips per square inch; whereas pack ClL, ccnonted
with shellac, was .loaded to-a stress of 95.5 kibs per
square inch without failing. The test 1ndicated that the

support provided by cementing tae specinens togetaer with
fused shellac increased materially the stress at which

the packs fziled through instability. The results also
indicated that the fused shellac ¢id not siznificantly af-
fect the shape of the compressive stress—strain gravh.

Tests wereo also nade to debternine the critical stress
of cemented packs with end clamps attached put without
auxliliary clamps or external latersl support. In one of

these tests a vack sustoired a stress of 213.6 kivs per
square irch pefore it buckled. Thig result sug3ested the

possldility of onitting the pins and thae suxiliary clanps.
In other tests of this kind, however, the buckling stress-—
es were nuch lower. '
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Even when all the supports woere enployed, some packs
buckled vofore tho yleld strensth of tho naterial was
reached. Several of these faillures resulted from a Dpoor
shellac bond that secned to be associatcd with a nat fin-
igh of the surface of the material. In otkhers the shellac
bond near the enrd of tho pack appeared to have boeon loos-
ened by contact with sodium-carbonate solution that had
inadvertently boen used nos a coolant while srinding the
ends of the pack. Finally, there wos ons case in which
the dbuckling at a low stress was attriduted to failure to
follow neticulously the testing procedurc. In a prepon-
derance of instances, however, tho motaods of support en~
Ployod in thoseo tests were sufficient to prevent duckling
until the yield sirecngth of the natorial was roachod.

Althousgh this method sesns satisfactory for rmany
problens in structural research, it will neoed %o bo sin-
plifiecd bpefore it can be used satisfoctorily for inspoc—
tion testing., The details of tke nethod arce 3iven in tho
hope that their publication will ocxpedite the dovelopment
of a relatively sinple convressive tegt for thirn aigh-
strength naterials.

National Bureau of Standards,
Washington, D. C., Au=sust 1940.
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Figure 1 - Pack ready for ‘test.
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Figure 3.- Fusing jig; pack at G'.

Figure 4.-
Auxiliary
clamps.
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